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This Report covers the period 1st January, 1954, to 30th June, 
1955. During the whole of this period there has been a vacancy for one 
Fisheries Research Officer and for the last six months we have had no 
Hydrologist, Mr. G. R. Fish having resigned in order to take up another 
appointment. Mr. J. D. Roberts was away for five months on long 
leave. We have therefore been working much below establishment; 
in spite of this, progress has been made with several items of our 
research programme and several papers on work carried out previously 
have been published during this eighteen months' period. 
The only considerable item of permanent equipment purchased 
during the year was a Bedford Pick-up. 
Throughout the whole period at least one of our two motor 
launches has always been in service, though serious damage occurred to 
one engine of the larger launch when a big end broke and scoured a 
bearing on the crankshaft and a bolt fractured the sump. Some major 
repairs are also being carried out on the hull of this same launch. The 
total mileage covered by our boats amounted to approximately 7,000 
miles. 
VISITORS. Among many visitors to the laboratory, note may be 
made of the following:-
Dr. Lester R. Aronson of the American Museum of Natural History, 
New York, visited the laboratory between 27th December, 1953, and 
22nd January, 1954, to conduct observations on the reproductive biology 
of Haplochromis. 
Dr. Butler, Rothamsted Experimental Station, visited the 
laboratory from 22od-27th April. 
From 1st May, Dr. N. E. Hickin spent five weeks working on the 
larvae of East Afircan Trichoptera, and collecting living material for 
subsequent study in the United Kingdom. 
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Mr. J. F. Tailing, botanist, and Dr. I. Thornton, zoologist, 
Hydrological Research Unit, University College, Khartoum, visited the 
laboratory from the 20th-25th May. 
At the end of June, Mr. W. F. J. fv1cCJclland, Malacologist. attachcd 
to the Division of Insect-Borne Diseases at Kisumu (Kenya), visited the 
laboratory in order to receive advice on the taxonomy of snails. 
Messrs. Gundry and Kirkby, of Joseph Gundry and Co. Ltd., 
visited the laboratory in July to discuss fishing nets. 
From 7th-LOth July, Dr. P. Ie Roux, Senior Lecturer in Helminthology 
at the London School of Hygiene and Tropical Medicine, worked in the 
laboratory. The purpose of his visit to Africa was to collect and prescrve 
schistosome vectors for comparativc rnalacological studies. 
Prof. R. M. Gordon, professor of Entomology and Parasitology 
at the Liverpool School of Tropical Medicine, visited the laboratory on 
19th July in the course of a two months' visit to the Central 
Trypanosomiasis Research Laboratory at Sukulu (Uganda). 
In August, Dr. Fleming, Chemical Engineer and adviser to the Tororo 
Exploration Company Ltd., and Dr. E. B. Worthington, Secretary­
Gcneral, C.S.A., visited the laboratory. Mr. N. H. Searle, Uganda 
Fish Marketing Corporation, Lake George, came to discuss experimental 
fishing on Lake George. In January, 1955, Mr. P. Van del' Vleit of 
TUFMAC also visited the laboratory. 
Mrs. R. B. McConnell, formerly Miss R. H. Lowe, arrived in Jinja 
on 6th September for a three months' visit to continue investigations on 
Tilapia, and to write up results. 
During September, Mr. B. Newell, East African Marine Fisheries 
Research Organization, Zanzibar, came to discuss certain hydrological 
problems. Mr. McMillan, Veterinary Officer, Jinja, brought twenty-two 
African Assistant Veterinary Officers to see the laboratory. 
Dr. O. D. Standen and Dr. L. Goodwin of the Wellcome Laboratories 
of Tropical Medicine visited the laboratory from 7th-10th October. 
They had just completed a visit of several months' duration to the East 
African Mcdical Survey and Filariasis Research Unit at Mwanza 
(Tanganyika). 
On 19th November, Mr. A. Tjonncland, of the Univcrsity of Bergen, 
Norway, arrived ill Jinju for a three months' visit to carry out research 
on aquatic insects. 
In January, 1955, thc laboratory was visited by Dr. P. R. Hesse of the 
East African Agricultural and Forestry Research Organization, who is 
working on the sulphur contcnt of plants, mud and soils. 
Mr. R. L. Young, Official Photographer of thc East African Railways 
and Harbours Administration, spent a day photographing the laboratory 
and installations in February, and Dr. H. E. Hurst visited the Director 
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Dr. J. P. Greenway, Curator of the Hcrbarium, Nairobi, visited Jinja 
in April. and spent a week collecting aquatic plants. 
Mr. M. .T. Holden, West African Fisheries Research Institute, 
Nigcria. arrived in Uganda on 24th May. An account of work carried 
out by this officer is included in this Report. 
Mr. t\. G. Jones, Secretary to the Uganda Development Corporation, 
callcd to discuss the future prospects of the Busoga Deepwater Fishing 
Company. 
In May, 1955, senior pupils from the Victoria Nile School, Jinja, 
were shown around the laboratory, and in the same month the Principal 
of the Government Training College, Mbarara (Uganda). brought 
twenty-five (If his students to visit the laboratory. 
From thc Colonial Office. the laboratory has been visited by Mr. 
A. J. Fairclough. Dr. R. Lewthwaite, Dr. F. Hawking and Dr. C. F. 
Hickling. 
On 17th March. Sir Douglas Harris, Chairman of the East African 
Agriculture and Fisheries Research Council, visited the laboratory. 
On 17th August, members of this Council, namely Mr. Rhind and Dr. 
Wright of the Colonial Office, Col. Gordon, Maj. Keyser, and Messrs. 
Watson, Miller, Maconochie-Welwood, and Grimwood, visited the 
laboratory. 
The Administrator visited the laboratory during his first official 
tour of Uganda, and also the Assistant Director of Audit. The 
Accountant-General has made two visits. 
MEETINGS. Thc Director has attcnded the following Mectings:­
7th Meeting of the East African Inland Fisheries Research Advisory 
Committee at Jinja on 14th January, 1954. 
9th Mceting of the Lake Victoria Fisheries Board at Jinja on 
15th January. 
The conference on "The Medical, Agricultural and Veterinary 
Aspects of Food Production and Utilization in East Africa" held at 
Kampala (Uganda) on 24th, 25th, and 26th March, under the aegis of the 
Standing Advisory Committee for Medical Research in East Africa. At 
this meeting a paper was read on "The Availability of Sulphur for both 
Plants and Animals in East Africa". 
4th Meeting of the Advisory Committee to the Northern Rhodesia 
and Nyasaland Joint Fisheries Research Organization nt Jinja on 5th 
May, 1954. This Meeting was attended by Mr. P. B. N. Jackson, Officer 
in-charge of the Research Station, Mr. H. J. H. Borley, Director of Game, 
Fish and Tsetse Control, Nyasaland, and Mr. F. I. Parnell, Ag. Director 
of Game and Tsetse Control, Lusaka, Northern Rhodesia. 
The Special (8th) Meeting of the East African Inland Fisheries 
~_ro.h....A_d_',I_i.l:!.o.._.,_~.~_~';_f_t.AA~«'IIo_" V :"".... _u '-V ............r."".:\ ..............1 ~.tJ.~_ T_,.u~,.a
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Dr. J. P. Greenway. Curator of the Herbarium, NaIrobi, visited Jinja 
in April. and spent a week collecting aquatic plants. 
Mr. M. J. Holden, West African Fisheries Research Institute, 
Nigeria. arrived in Uganda on 24th May. An account of work carried 
out by this officer is included in this Report. 
Mr. A. G. Jones, Secretary to the Uganda Development Corporation, 
called to discuss the future prospects of the Busoga Deepwater Fishing 
Company. 
In May, 1955, senior pupils from the Victoria Nile School, Jinja, 
were shown around the laboratory, and in the same month the Principal 
of the Government Training College, Mbarara (Uganda), brought 
twenty-five of his students to visit the laboratory. 
From the Colonial Oflice, the laboratory has been visited by Mr. 
A. J. Fairdough. Dr. R. Lewthwaite, Dr. F. Hawking and Dr. C. F. 
Hickling. 
On 17th March, Sir Douglas Harris, Chairman of the East African 
Agriculture and Fisheries Research Council, visited the laboratory. 
On 17th August, members of this Council, namely Mr. Rhind and Dr. 
Wright of the Colonial Office, Col. Gordon, Maj. Keyser, and Messrs. 
Watson, Miller, Maconochie-Welwood, and Grimwood, visited the 
laboratory. 
The Administrator visited the laboratory during his IIrst official 
tour of Uganda, and also the Assistant Director of Audit. The 
Accountant-Genera.l has made two visits. 
MEETINGS. The Director has attended the following Meetings:­
7th Meeting of the East African Inland Fisheries Research Advisory 
Committee at Jinja on J4th January, J954. 
9th Meeting of the Lake Victoria Fisheries Board at Jinja on 
15th January. 
The conference on "The Medical, Agricultural and Veterinary 
Aspects of Food Production and Utilization in East Africa" held at 
Kampala (Uganda) on 24th, 25th, and 26th March, under the aegis of the 
Standing Advisory Committee for Medical Research in East Africa. At 
this meeting a paper was read on "The Availability of Sulphur for both 
Plants and Animals in East Africa". 
4th Meeting of the Advisory Committee to the Northern Rhodesia 
and Nyasaland Joint Fisheries Research Organization :It Jinja on 5th 
May, 1954. This Meeting was attended by Mr. P. B. N. Jackson, Officer 
in-charge of the Research Station, Mr. H. J. H. BorIey, Director of Game, 
Fish and Tsetse Control, Nyasaland, and Mr. F. I. Parnell, Ag. Director 
of Game and Tsetse Control, Lusaka, Northern Rhodesia. 
The Special (8th) Meeting of the East African Inland Fisheries 
Research Advisory Committee at Kisumu (Kenya) on 15th June. 
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are too low for full plankton production. These substances are placed 
in tl1C order of their significance as deficiencies; all three nutrients need 
to be added to the water in order to increase significantly the growth of 
algae. 
ALKALINITY 
The quantity of dissolved salts in freshwatcrs has been lIsed by some 
people as a general indication of potential fertility, but with regard to the 
lakes of East Africa a very significant qualification should be made as 
almost all thesc lakes contain considerable quantities of sodium 
bicarbonate. rf values for alkalinity, expressed as units of electricat 
conductivity, are subtracted from values for total conductivity, it is found 
that the remaining electrolytes arc present in remarkably low 
concentra tions. 
Over the past five years a great many analyscs of water samples from 
:III over East Africa have been carried out. Electrical conductivity and 
alkalinity measurements are among the routine estimations made. In the 
following table alkalinity valucs have bcen converted to their equivalent 
in conductivity units, and these subtracted from the actual recorded 
conductivity values of the water. 
TABLE 11 
Actual A/ka/illit I' 
Conductil'ity expressed' as 
Cunductivity 
A B A-B 
Lakc Albert 700 510 190 
Lake Edward 900 775 125 
Lake George 180 165 J5 
Like Kyoga 320 2~5 85 
Lake Victoria 95 76 19 
Lake Tanganyika 520 490 30 
It can bl:: seen that trcated in this way the true status of thcse waters 
regarding their content of biologically valuable electrolytes is much lower 
than it might at hrst appear. This method of analysis does not in any 
sense supercede the more detailed work OJ] the analysis of specific nutrient 
su bstanccs. 
LAKE BUNYONI 
After starting hydrological observations on Lake Bunyoni, as 
mentioned in our last report, arrangements were made with thc 
Agricultural Officer stationed at Kabale to contin ue with the recording of 
temperature and oxygen values at various depths. Unfortunately these 
observations could not be continued for long, as the officer concerned was 
transferred. However, over the period 14.10.53 to 6.2.54 it was 
established that the lake was stratified and that the lower levels were 
devoid of oxygen. There are reasons for believing that this lake remains 
stratified f5r long periods. 
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PLECOPTERA. All the stoneflies in East Africa are probably varieties 
of onc species, Ncopl!r/a spio (Newman). )n Uganda, N. spio is abundant 
in rarid reaches of the Victoria Nilc and its tributaries and, like most 
rheophilic invertebrates, it is locally common on exposed rocky shores. 
These larvae form an important constituent of the food of riverine fish, 
especially Barbus, but in lake fish they have so far been found only in the 
stomachs of a few Mormyrus kanl/llme. 
EPHEMEROPTERA. It is convenient to divide members of this Order 
into two categories. 
(I) Small species, whose larvae do not burrow, but live freely among 
weeds or on the surface of stones. This group includes the families 
Afronuridae, Baetidae, Leptophlebiidae, Tricorythidae and Caenidae. 
Their hlrvae form a regular item in the food of Morlllyrus kaJlnume in 
certain regions of the lake and adults sometimes comprise a large part of 
the diet of surface-feeding fish, such as A/estes /lurse. 
(2) Large species which either burrow in sand or live in tubes lined 
with silk. This group includes the Erhemeridae and Polymitarcidae. 
Larvae of the Ephemeridae are locally common on exposed, sandy 
shores, and also in large rivers. They are preyed upon regularly by certain 
fish, particularly by species of Siluroidea. 
The most important member of the Polymitarcidae is Povilla adusta 
Navas. Larvae of P. adusta have attracted attention on account of their 
habit of burrowing into boats and other wooden structures. This species 
is widely distributed in Africa, and occurs in a variety of habitats. Larvae 
have been found inhabiting holes in laterite, living in silken tubes attached 
to sticks and in Lake Albert in silken tubes covered with shell fragments 
in about 40 feet of water several miles from the shore. 
An interesting feature of the life-history of P. adm/a is the periodic 
emergence of the adults. Swarms occur at monthly intervals, usually 
on the second night after Full Moon. The adults have a very short life, 
and their flight is limited to a period of about one hour, usually between 
8.00 and 9.30 p.m. 
The monthly periodicity of emergence makes it possible to estimate 
the growth rate ofPo villa larvae from collections made at regular intervals. 
This was done by measuring the sizes of larvae occurring in the stomachs 
of Morlllyrus kannume. Although there are considerable variations ill 
size within an age-group, it seems certain that a single generation is usually 
completed in four months. About two weeks of this period are spent in the 
egg. Since swarms occur every month, there must be four age-groups 
present in the lake at all times. During the first two weeks after every 
Full Moon, three age-groups are represented by larvae and one by eggs; 
for the rest of the month, all four age-groups exist as larvae. 
P. adUSla is heavily preyed on by fish. Several fish, especially 
Gnathonemus /ongibarbis, Mormyrus kannume and Macrop/eurodus bie%r, 
feed extensively on the larvae, which are eaten in at least two ways, since 
some stomachs always contain the silken tubes as well as the larvae, 
whereas others contain larvae alone. The diurnal activity of these larvae 
is thought to be partly resronsible for this. At the time of emergence, 
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Among detailed studies whieh have been earried out have been 
investigations to determine not only the morphologieal differenees between 
the several species of Tilapia, but also characteristic differences in their 
ecology, physiology and reproductive cycles. Some of the results of 
these investigations are contained in two papers which have been published 
recently. The first concerns the food and digestive capabilities of these 
lish; this paper. entitled "The Food of Tilapia in East Africa", was publish­
ed in the Uganda Journal. The second paper, which describes the breeding 
habits and the size and number of eggs produced by different species of 
Tilapia, was published in the East African Agricultural Journal under the 
title "The Fecundity of Tilapia species". 
One of the practical outcomes of these studies on the difrerences 
between species of Tilapia was the recommendation made some time ago 
that T. zillii, though not a common speeies, would probably prove to be 
one that could be grown successfully in ponds. This has since proved 
to be so. These fish have done well in ponds over a wide range of altitudes 
from 3,000 feet to as high as 8,500 feet. T. zillii introduced into Lake 
Kyoga have been recaptured and some of these, according to the Uganda 
Game and Fisheries Department, have attained over four rounds in weight; 
the largest weighed six and a half pounds. 
As referred to above, T. rillii are being reared in ponds at Kisumu by 
the Lake Victoria Fisheries Service and large numbers have been put into 
the Kavirondo Gulf. These fish, after their introduction into the lake, 
have grown faster than the indigenous speeies of Tilal'ia and some have 
reached sexual maturity and a length of 27 em. They should in no way 
compete for food with the existing populations of T. esculenta and T. 
rariabilis as the latter feed mainly on phytoplankton, whereas T. :illii 
feeds mainly on higher plants. However, it remains to be seen whether 
they can become established and reproduce in the lake in sufficient numbers 
to form in the future a significant part of the eommereial fisheries. 
As T. zi/lii does not brood its eggs and young in the mouth, it is 
likely that the mortality of the very young fish may be high relative to 
that of T. esculenta and T. variabilis. Mouth brooding protects both eggs 
and young in several ways: it achieves not only physical protection from 
predators, but the rolling around of the eggs in the mouth prevents 
infection by bacteria and fungi; it is also believed that the buccal mucus 
contains certain antibiotic substances which inhibit bacteria. Furthermore, 
in the mouth of the parent fish the eggs are kept in well-aerated water, 
whereas if left on the rather muddy spawning grounds they might not be 
able to develop for want of an adequate supply of oxygen. Thus in this 
respect mouth brooding may be considered as one way of solving the 
general problem of providing newly spawned eggs with well-oxygenated 
water. 
THE BREEDING BEHAVIOUR OF Tilapia 
Laboratory studies on the breeding, spawning and brooding of 
Tilapia have been carried out in aquaria both in Europe and America. 
Thus some knowledge already exists on the breeding behaviour of these 
fish under artificial conditions. Various conclusions have been drawn 
regarding the evolutionary significance of this behaviour and it has been 
assumed that the complex pre-spawning intcrplay betwecn male and female 
Jish serves not only to ensure that milt and ova are shed into the nest at the 
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same time, but also serves to render crossbreeding bctween distinct species 
an unlikely occurrence. 
In this connection it is interesting to note that we have succeeded in 
fertilizing ova of Tilapia l'ariabilis with spermatozoa from Tilapia eseulelllll. 
The fertilized ova developed normally for a period of twelve hours, but 
then thc embryos became disorganized and died. Although this 
experiment needs to be repeated, it indicates the genetical distinction 
existing between these two species and serves to emphasize the importance 
of spawning behaviour as a means of preventing interspecific crosses. 
T. variabilis and T. ('seulellla arc often found together in the same habitat, 
if infertile crossing were to occur frequently the future existence of both 
spccics might bc endangercd. 
Observations on the breeding bchaviour of Tilapia under natural 
conditions have been made whcnevcr possible; opportunities to make 
these studies do not occur frequently, as the water is usually too turbid. 
However, suitable conditions were found in Lake Kyoga for observing 
T. variabilis and in the Malagarasi Swamps for observing T. karomo. 
Results of these investigations arc contained in a paper entitled "The 
Breeding Behaviour of Tilapia species in Natural Waters: Observations 
on T. karomo Poll and T. l'ariabilis Boulenger" and published in Behaviour. 
RI:-lGS ON T1LAPIA SCALES 
M. J. Holden from the West African Fisheries Research Institute, 
while working at Jinja, carried out an investigation on the occurrence of 
rings on the scales of T. l'ariabilis and T. eseulen/a. His results are 
recorded in Appendix C. He confirms that in adult fish, rings are associated 
with spawning. But perhaps morc important, he has shown that young 
fish may develop rings. These are more frequently found on the scales 
of T. eseulell/a than on those of T. l'ariabilis. As prcviously reported, 
it is believed that young T. e.l'culellla spend a period in their early life in 
water-lily swamps; in these areas the amount of available food may, 
as they grow larger, become inadequate. If this is so, it could explain 
the formation of these rings. Subsequently, these young fish move from 
the water-lily swamps and start feeding on thc more abundant 
phytoplankton in the open waters. The inference to be drawn is that 
conditions for their growth are improved and no further rings are 
developed until they arc under the stress of breeding. 
The fact that these "juvenile" rings are only rarcly found in T. 
l'ariabilis may be an indication that these fish only occasionally inhabit 
the swampy areas of the lake. This is in agreement with our general 
ideas on the distribution of this species. T. variabilis is commonly 
found in running water, for example in the Nile, or on thc more exposcd 
coastlincs round the lake. 
THE GROWTH OF VERY YOUNG FISH 
If the number of fish comprising a given population arc to remain 
constant, it is axiomatic that on the average all the young produced by a 
pair of fish must die before reaching maturity exccpt for two. As fish 
during their lifetime produce vast numbers of fry the percentage surviving 
is only a minute fraction or one per cent. This being so, attempts to 
maintain the density of a fIsh population against the effects or human 
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As far as can be judged from records of numbers and size of fry 
contllined in the mouths of brooding fish, no particularly severe mortality 
occurs at the e1cvcn-millimctre stagc among Jish rcared naturally. The 
inference to bellrawn from the laboratory experiments is that young fish 
must be kept in water containing very few bacteria. In lake water they 
live in a medium containing considerable quantities of algae but relatively 
few bacteria. It would seem that this question of the survival of young 
fish may not be unrelated to the wider problem of the antagonistic 
reactions occurring between algae and bacteria. 
THE REPRODUCTIVE CYCLE ON NON·CICHLID FISHES 
DATA COLLECTED fROM THE KAGERA RIVER. Tn April, 1955, 
a visit was made to the Kagera River, in collaboration with the Lake 
Victoria Fisheries Service. On this safari the gonads of 188 fish were 
examined. These fish were obtained from the mouth of the river, from 
Kawanda, a fislting village about forty miles upstream, and from Kyaka, 
eighty miles upstream. 
Large numbers of Schi/he were being caught by African fishermen; 
almost all these fish were in an advanced state of ripening, though few had 
yet spawned. From records of the Lake Victoria Fisheries Servicc, and 
reports from the local fishermen, it seems likely that Schi/he hns a regular 
..nnual breeding season, usually in April. 
Almost all the C/arias /IIossambiclis which were caught were 
in breeding condition, but only the ones from ncar the mouth of the river 
had actually spawned. 
Sexually ripe SYI/odol/lis af'ro-jischeri and S. viClOriae were caught 
at Kyaka. 
At Kawanda sexually ripe Marcusellills grahfll1li, Cl/alhonel11us 
!ongibarbis and Labeo viclorianlls were obtained. 
In the lake near thc river mouth L viclorianus and Barbus radcl(fli 
were sexually ripe. 
Records of breeding fish in rivers, such as the Kagera, provide useful 
information on the sexual cycle of several species of fish and, as might 
be expected, spawning seems to be correlated with the amount of water 
coming down the rivers. But this information throws little light on the 
question whether or not these fish can spawn in areas of the lake where 
there are no large inflows. 
DATA COLLECTED FROM GILLNETS. All fish caught in our 
fleets of gill nets set in the lake are examined in order to determine the 
sexual condition and to find out whether at certain times of year there is 
a tendency for various species to start ripening. Even those fish which 
run up rivers to spawn must start developing sexually long before they 
actually migrate up the rivers. So far the data collected is somewhat 
inconclusive; this is no doubt due to the fact that Lake Victoria is situated 
astride the equator and consequently climatic variations are slight; 
moreover, between the northern and southern parts of the lake, variations 
in incident radiation and in rainfall occur at different times of the calendar 
year. 
While making investigations of this nature it is necessary to dis­
tinguish carefully between factors which cause fish to develop sexually 
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and other factors, or circumstances, which make possible the final events 
which lead to actual spawning. fish cannot take advantage of favourable 
spawning conditions. which may olkn he transitory, unless they an: 
already sexually developed. 
When one considers the time required for a gonad to grow from a 
small quiescent organ to one that is fully developed, it is clear that state­
ments regarding the time of spawning evade the main issue, which is to 
discover what earlier stimuli brought these fish to a state of sexual ripeness. 
This is a question that has in very few cases been answered adequately. 
Among some fish in temperate waters there exists a definite correlation 
between the onset of sexual development and certain seasonal changes. 
But even in these cases the relative importance of the physiological 
rhythm of the fish and external factors, as, for example, changes in tem­
perature and day length or abundancc of food, have still not been 
determined. It will certainly take a long time to find complete answers 
to these questions, particularly under tropical conditions. However, 
the routine examination of fish caught in gillnets is being undertaken in 
order to obtain data which it is hoped will help to elucidate this complex 
problem. 
THE REPRODUCTIVE CYCLE OF Clarios mossalllbiclis. Clorias 
I1lOssalllbicus can breathe air by means of a special respiratory mechanism 
known as the supra-branchial organ. Possession of this organ enables 
this fish to inhabit swamps and other waters where there is little or no 
dissolved oxygen, but eggs if spawned in such waters could not develop 
and would die of asphyxiation. 
There has been in the past much speculation on the breeding biology 
of Clarias JJ10ssmnbicus and among some fishermen the belief is still held 
that the eggs are as large as hens' eggs and laid in pairs; there exist several 
other eq llally strange ideas. Yet till very recently no one was in a position 
to correct these notions, as until last April the fertilized eggs and young 
larvae of this fish' had not been discovered or described. This lack of 
knowledge existed in spite of the fact that sexually mature individuals of 
both sexes are frequently caught in lakes, rivers and swamps. 
Tn April this year a site where C. l11ossamhicu.\' spawn was found und 
data were collected on the embryology and larval development of these 
fish. Attention was drawn to a small, temporary stream by the sudden 
appearunce in it of numerous adult and sexually active C. massombiclis. 
For part of the year this stream is dry, but after heavy rain it carries a 
considerable amount of water which enters lake Victoria near Jinja 
through a grass and papyrus swamp. 
As the exact habitat in which spawning might occur was not known, 
and as it seemed unlikely that the eggs and larvae could be recognized 
with certainty, it was decided to try to fertilize some eggs artificially, so as 
to see what the eggs and young looked like. Ovaries were dissected from 
manifestly ripe females and the ova "shed" into glass dishes. At the 
same time a preparation of spermatozoa was made by macerating whole 
testes in a small volume of water. This sperm preparation was then 
added to the egg mass, together with sufficient water to cover the eggs. 
After approximately half an hour a gentle flow of tap water was passed 
through the dish. The flow was adjusted so that the eggs were gently 
agitated, in order to provide aeration and clean the culture of any 
unfertilized eggs or other debris. 
he final events 
e of favourable 
nless th~y arc 
grow from a 
ear that state­
~e, which is to 
>exual ripeness. 
cd adequately. 
ite correlation 
sonal changes. 
physiological 
anges in tem­
still not been 
plett: answers 
s. However, 
undertaken	 in 
this complex 
;CIIS. Clarias 
ry mechanism 
organ enables 
is little or no 
d not develo[) 
eding biology 
IeI' is still held 
e exist several 
IS in a position 
gs and young 
This lack or 
individuals of 
was found and 
r-tent of these 
by the SUdden 
/IIossamh;ctls. 
In it carries a 
'ia near Jinja 
is not known, 
be recognized 
tificially, so as 
issected from 
shes. At the 
erating whole 
ion was then 
)ver the eggs. 
~r was passed 
; were gently 
i1turc of any 
23 
The fertilized ovum is about 2 mm. in diameter and is characterized 
hya large adhesive disc whjch entirely surrounds OIlC polc. I\. glutinous 
substance extruded from this disc serves as an cxtrcmely effective an<'lwr. 
From these observations it seemed likely that, in the stream, eggs might 
be found attached either to the substrate or to plants. In tJle stream eggs 
could in fact only be found on plant material, and large numbers were 
found attached to debris which had accumulated along the stream. 
Only a few eggs were found on living plants. ,. 
Observations on the artificially fertilized ova showed that embryonic 
development is extremely rapid, and hatching takes plac~ within 24-30 
hours after fertilization. ]t appears that the rate of development is 
greatly affected by both temperature and oxygen tension. 
Newly hatched larvae are between 3 and 4 mm. long, and can swim 
actively; however, larvae in the stream were usually found attached to 
plants by a small sucker which is developed on the yolk sac. The yolk 
sac is resorbed in about four days from hatching, and after this short time 
the larvae have attained a length of 7-8 mm. 
]n the stream, embryos and larvae were subjected to considerable 
changes in both temperature and oxygen content of the water and many 
of them die in the small pools in which they become isolated. It seems 
that only those which manage to make their way into more permanent 
bodies of water have much change of surviving. Although the spawning 
behaviour of Clar;as mossambicus may subject the young fish to many 
hazards, it does at least give the eggs and larvae the opportunity to 
start their development in well-aerated water. 
Clarias has for some time been considered as a fish that could with 
profit be reared for food in certain ponds and dams which are not suitable 
for other fish, but the lack of information on the sexual cycle prevented 
any attempt to make a commercial proposition of any sueh project. 
Only a few months ago we received a request for information on this 
subject from the Sisal Growers' Association; regrettably at that time we 
could give them no information. However, they have now been fully 
informed and the Fisheries Department of Kenya, who were advised at 
the same time, have taken the matter up and are now engaged on the 
practical applications of this new knowledge. An account of the 
reproductive cycle of these fish has been published in "Nattlre"-see list 
of publications. 
LUNG FISH (Protopterlls aetltiopictls). New data have been collected 
on the breeding behaviour of Protopterus. Two nests were discovered 
and one was studied very closely and finally all the young fish were 
removed; five thousand one hundred and ninety-two young fish were 
recovered from this nest. it seems that one of the main purposes served 
by the nest, which was situated in a papyrus swamp, is to give the young 
fish access to the surfacc where they can take in air. It is hoped to publish 
a detailed description of the structure of the nest and the functions it 
appears to fulfil. 
THE FOOD or FISH 
The food of Tilapia has been described in earlier reports and papers, 
and some notes on the food of Haplochrolllis species arc included in the 
section of t his report devoted to these fish. 
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Food-type	 'j;, lv{ain conten/s Forage index 
Chironomid larvae 29.0 loS 
PoviI/a adus/a larvae J5.0 90 
Ephcmeroptera larvae 0;< 4.8 63 
Culicidae (Chaeobol'lIs) larvae 
Trichoplcra larvae t 
4.0 
1.7 
72 
24 
adonata larvae 1.3 21 
P/u/1/ostoma senega/elise fa rvae OA 20 
Cal'idina ni/otica 0.4 8 
* Excluding Po viI/a adll,l'ta
+Excluding P//(/llostoll/a sCllega/ellse 
(b)	 Unimportant food. 
Ostracoda 
Gastropoda 
The Gastropoda consist of small, empty shdls. Probably both 
these and Ostracoda arc ingested aeeicientaIly from the bottom deposits. 
2. Oc('(/siollal COII/CII/S 
It is likely that most items in this category are eatcn by accidcnt when 
the fish is feeding on the bottom. Nevertheless, some undoubtedly 
contribute to the nourishment of the fish. They have been listed in 
order of abundance. 
Hydracarina
 
Corixidae (Hemiptera)
 
Neopcr/a spio larvae (Plecoptcra)
 
Bivalve shells (empty)
 
Fish remains (very small individuals)
 
Formicoidea
 
Cladocera
 
Phyllopoda
 
Decapoda-Putamull ni/oticus (small)
 
Fish eggs-non-cichlid.
 
Changes ill food-/ype 
I. With size ()ljish. No recognisable change was found for any 
itcms of important food cxcept the Ephemeroptera (ex.clusive of Po villa 
adusta). This item, for both occurrence and main contents, became less 
frequent as fish increased in size. There were slight indications that 
Odonata larvae and Cal'idil1u ni/oticu occurred more often in larger fish. 
2. With tillle 01' lIIomh. The month was divided into six periods 
such that the 4th night of period I represented the nigllt of the main 
Povilla swarm. No periodicity was observed in the occurrence of Po villa 
larvae, but as main contents they were well represcnted in periods 6 and 
I, but less so in 2 and 3. The occurrence of Chaeoburus larvae seems to 
show a peak at the time of full Moon (period 1). 
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APPENDIX A 
"THE DANGER OF OVERFISHING EXISTING STOCKS OF TILAPIA, 
WITH PARTICULAR REFERENCE TO LAKE VICTORIA AND THE 
KAVIRONDO GULF." BY R. S. A. BEAUCHAMP, DIRECTOR OF THE 
EAST AFRICAN FISHERIES RESEARCH ORGANISATION. 
By about 1920 it began to be suspected that all was not well with 
~he Fisheries of Lake Victoria and an expedition to investigate them 
was undertaken under the auspices of the Ministry of Agriculture and 
Fisheries under the direction of Mr. Michael Graham. 
Graham's "Report on the Fishing Survey of Lake Victoria (1927-28)" 
contains a warning on the danger of overfishing the stocks of Tilapill. 
He says: "The danger of disastrous over fishing is real and always 
present." This opinion was based on a comparison of the density of 
Tilapia populations in different areas in the lake. Mr. Graham fully 
recognised the fact that in difrerent regions of this lake the density of 
the populations of Tilapia is different, but his statement on the danger 
of over fishing \\'as based on comparative data collected from region;: 
within the lake that might be expected to support similar densities of 
t':lese fish. Some of these regions were heavily fished. whereas others were 
not. He observed that those regions which were being fished heavily 
contained far fewer fish than the regions which were not being fished. 
In his opinion the stocks in these areas had reached a critically low 
level. Among such regions was included the Kavirondo Gulf. It must 
be remembered that in those days the fishing effort was considerably 
less than it is at the present time, yet the danger was even then apparem. 
He says: "The introduction of the European flax gill-net of 5" mesh has 
undoubtedly caused a diminution in the number of 'ngege' in those 
parts of the Kavirondo Gulf, the northern shore of the lake, the Sesse 
Islands and Smith's. Sound which are conveniently situated to market~. 
These places are naturally the most valuable areas of the fishery, and 
the anxiety felt in the country on their behalf is justified." He recom­
mendecl that immediate i>teps be taken:­
(1)	 to institute the collection of special statistics which shall be 
a measure of the annual yield of the fishery; 
(2)	 to obtain complete conti'ol of the fishing power, u.sing this in 
the first instance; 
(3)	 to eliminate nets capable of taking small-sized "ngege" and 
restrict the fishery to the 5" net alone, with an exception in 
favour of the seines. 
These recommendations were carried out only to a limited extent. 
It is particularly to be regretted that the first recommendation was not 
carried out adequately. The only records available for the Kavirondo 
Gulf, the most important and now the most affected area, are those 
contained in the Review of Kenya Fisheries, 1946 and 1947. A study 
of these records reveals their inadequacy; no doubt many difficulties 
were attendant on the collection of better records, but the fact remains 
that until the Lake Victoria Fisheries Service was established no really 
useful records were collected anywhere in Lake Victoria. 
The records collected by the Lake Victoria Fisheries Service are 
available to members of the Board. From these it is clear that the stocks 
nf fish in Lake Victoria have been reduced since 1928. In the Kavirondo 
Gulf they have been reduced very considerably. 
Catch per standard 5" gill net hung in the water overnight is a 
""ood measure of the state of the fishery and to put the matter into its 
proper perspective consideration should also be given to the earliest 
lecords available. as well as those obtained by Graham and by the 
Lake Victoria Fisheries Service. These earliest records (which are 
quoted by Graham) show that prior to 1921 the average catch per net 
per night in the Kavirondo Gulf was over 30. In 1928 it was about (; 
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From the statistical point of view the yield from gill nets is more 
readily subject to analysis than is the yield from seine nets. The 
number of fish caught per gill net per night without Interference (Le., 
v,ithout beating the water in order to drive fish into the net) is an 
expression giving an instantaneous measure of the yield per unit of 
fishing effort. The average catch per gill net derived from all nets used 
throughout the year is a measure of the total yield achIeved by that 
portion of the industry in relation to the fishing effort. It should not 
be confused with the total yield of the entire industry relative to the 
total fishing effort. 
The question of the efficiency of the gear used and its effect on 
the estimation of the fishing effort can be a source of misunderstanding. 
One fisherman may be using a net that catches twice as many fish as 
another man's net. They may both travel the same distance and set 
their nets for the same length of time, yet from the statistical point of 
view the mnn wit h the more e!Tident net exerts twice the effort of the 
other. 
Changes in the value of the average catch per gill net provide all 
empirical method for determining changes in the lIumbers of catchable 
fish contained on the fishing grounds. Catch per net will depend on 
the density of this fish population, and we have seen that when 5" gill 
nets were first introduced into the Kavirondo Gulf the standing crop 
at fish of a size to be caught in such nets could be represented approx­
imately by the index 30. The population is represented now by the index 
1.6. It has therefore been reduced to a value many times less than it was in 
1910; certainly to a tenth. The original index quoted is conservative, there 
exist several records of 200 or more fish being caught per net per night 
in diJferent areas of the lake. 
The remarkable fall in the Tilapia populations exceeds, I believe, 
the amount that might have been expected, and requires some further 
explanation. E.A.F.R.O. has carried out many investigatIons concerning 
the life-history and habits of TiLapia. The results obtained have already 
bE'en reported; they indicate why populations of these fish are particu­
larly susceptible to exploitation, and why Laws of Fishing as derived 
from marine experience may apply even more harshly to the THapia 
fisheries than they do to marine fisheries. 
Practically all the fisheries of the world are based on the capture of 
nredatory fish, that is to say, fish that eat other fish or other animals. 
Tilapia, however, is a herbivor. When the stocks of a predatory fish 
are reduced, those fish that are left find themselves with a more 
abundant food supply than before and as a result they, as individuals, 
grow faster than they did previously. Thus the younger age groups 
advance quickly to the size at which they are liable to be caught. This 
tends to compensate for the first effects of human predation. No such 
response can be expected from Til.apia. As herbivors eating phytoplankton 
they have to spend most of their lifetime feeding in order to take in 
the necessary quantity of food. A superabundance of food, over and 
above a certain essential minimum density, cannot lead to an increase 
in their growth rate, because they cannot take in more food than they 
were taking in previously. Furthermore, as has been explained in 
E.A.F.R.O.'s last two Annual Reports, the depletion of stocks of 
TilQpia is likely to lead to an actual reduction in the fertility of the 
water. This is because the fertility of a tropical lake is largely deter­
minded by the extent to which vegetable matter is converted into animal 
matter. Vegetable matter decomposes slowly, whereas animal matter 
rlecomposes rapidly; in the absence of sufficient numbers of animals to 
eat a considerable proportion of the plant material produced, much of 
this material falls to the bottom of the lake where it does not decompose, 
£0 the contained nutrient salts are gradually removed from circulation. 
Thus, fishing a stock of Tilapia leads not merely to a reduction in the 
density of the population, which might be related directly to 
the fishing effort, but ultimately leads also to a reduction in the 
Clmount of food avcjlable to them. So the fish left in the water may 
have their growth rate reduced because of a shortage of food. Whether 
tbis process has had time to take effect in the Kavlrondo Gulf is uncer­
tain; however, it is necessary to record the slow growth rate of these 
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fish, as shown by marking experiments (see both Lake Victoria Fisheries 
Service and E.A.F.R.O. Reports for 1953). This slow growth rate means 
that the stock of fish that is being fished selectiV'ely by 5- gill nets will 
receive recruits from the lower size groups only at a slow rate. This 
fact puts a limit to the numbers of fish that can be caught annually by 
these gill nets. There is little that we can do about this; it is as one 
might say, a built-in characteristic of Tilapia, and is due to the fact 
that, under tropical conditions and the absence of seasonal changes 
which might impose an annual breeding season, these fish breed at 
frequent intervals throughout the year. Continual spawning affects the 
growth rate, because for a given intake of food a fish cannot produce 
ova and milt and at the same time maintain a rate of growth comparable 
with that maintained when immature. This, combined with their par­
ticular breeding and brooding habits, which prevent them from feeding 
while carrying eggs and young, make it impossible for them to grow 
rapidly once they have reached sexual maturity. This occurs at a size below 
that at which they become liable to be caught in the 5" gill net. 
Legislation that prohibits the use of gill nets of less than 5" mesh 
is correctly framed, otherwise there would be no fish left ofa size to 
maintain the reproductive rate. However, the aim of this restriction is 
continually being evaded, either by the use of 4" gill nets or by the 
indiscriminate or illegal use of seine nets. 
Seine nets in limited numbers were permitted for an experimental 
period in the Kavirondo GUlf, in the hope that they would not cause too 
much damage to the THapia fishery and in the hope that what damage 
they did would be off-set by the capture of a useful proportion of pre­
datory fish. These hopes have not been realised, and now the use of 
s.eine nets has been prohibited in the Kavirondo Gulf. However, this 
prohibition cannot at present be enforced. It is a matter of some 
urgency that this form of illegal fishing be brought under control. In 
order to avoid any misunderstanding it should be stated that the use 
of seine nets is desirable in certain areas of the lake, btlt not in the 
Kavirondo Gulf. 
Data collected near Jinja by E.A.F.R.Q. and the results obtained 
from experimental fishing carried out actually in the Kavirondo Gulf 
by the Lake Victoria Fisheries Service over a period of a year showed 
that 2i" gill nets caught relatively large numbers of predatory species 
of HapLochromis, Labeo, SchiLbe (another predatory fish) and relatively 
few young TiLapia. Accordingly permission to use these nets in the 
Kavirondo Gulf was given about a year ago. This seems to have been 
a wise decision and may have relieved to some extent the pressure on 
the TiLapia population by providing an alternative source of fish for 
human consumption and by reducing the number of predatory fish. 
Investigations carried out by E.A.F.R.O. have indicated the value of 
preserving a moderate density of crocodiles as these animals effect a 
significant measure of control on the larger predatory species of fish, 
such as Bagrus and Pro top terus (the Lungfish). The destruction of 
crocodiles has already led to an increase in the number of these pre­
d2tory fish as indicated by the complaints of fishermen who now say 
that large numbers of the fish caught in their gill nets are demaged 
by them. It is therefore especially desirable to give every encouragement 
to the long line industry in order to reduce the numbers of these pre­
dfl.tory fish and again, of course, to provide an additional source of fish 
101' human consumption. 
Other investigations by E.A.F.R.O. have been made on the life­
history and breeding and brooding habits of Tilapia. These investigations 
indicate the importance of areas of water-lily and reed swamps, which 
serve as Tilapia nurseries. On the other hand research on the conditions 
in papyrus swamps show that these areas are entirely unsuitable for 
Tilapia or any other fish, except Protopterus. This work has led to the 
conclusion that consideration should be given to a programme of swamp 
c-iearance and swamp reclamation as a means of encouraging the growth 
of Tilapia populations. 
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APPENDIX B. 
SPECIES OF NON·CICHLID FISHES OCCURRING IN LAKE 
VICTORIA AND ITS AFFLUENT RIVERS AND STREAMS 
LEPlDOSIRENlDAE : 
Protoptcrus aethiopiclIs Heekel 
MORMYRIDAE : 
Mormyrus kannume Forskal 
Marcusenius nigri<.:ans Boulenger 
Marcusenius grahami Norman 
Petrocephalus degeni Boulenger 
Gnathonemus longibarbis Hilgendorf 
Gnathonemus v:etoriac Worthington 
CHARACINIDAE : 
Alestes nurse (Ruppel) 
AJestes sadleri Boulenger 
CYPRINIDAE: 
Barbus altianalis radcliITI Boulellger 
Barbus paludinosus Peters 
Barbus nummifer Boulenger 
Barbus thikensis* Boulengcr 
Barbus minchini Boulenger 
Barbus sexradiatus Boulengcr 
Barbus doggetti Boulenger 
Barbus magdalenae Boulenger 
Labeo victor:anus Boulenger 
Engraulicypris argenteus (Pellegrin) 
Gara johnstoni (Boulenger) 
CLARIIDAE: 
Clarias mossambicus Peters 
Clarias anguilaris'~ Linn. 
Clarias carsoni Boulenger 
Clarias werneri Boulenger 
Clarias all uaudi Pellegrin 
Clarias eupogon Norman 
1 
~ 
J 
Doubtfully distinet from one another 
BAGRIDAE: 
Bagrus docmac (Forskal) 
Bagrus degcni Boulcnger"" 
MOCHOCIDAE : 
Synodontis victoriae Boulenger 
Synodontis afro-ftscheri Hilgendorf 
SCHILBEIDAE : 
Schilbe mystus (Linn.) 
CYPRINODONTlDAE : 
Aplocheilichthys pumilus (Boulenger) 
Cynopanchax bllkob~nus Ahl';' . 
Nothobranchius taemopygus (Hilgendorf) 
ANABANTlDAE : 
Ctenopoma muriei (Boulenger) 
MASTACEMBELlDAE: 
Mastacembellis victoriac Boulenger 
• Requires confirmation 
•• Doubtfully distinct from B. docmac 

VARIABILIS 
1'1 FROM 
ined for ring 
niLotica and 
m N. Nigeria 
lortion which 
bdivided into 
.rity of these 
broken up. 
A ring may 
:s by regular 
n Pilkington 
!lted in pairs 
r monocular 
to the rings, 
,g stage, and 
) then cal<.:u­
~ of fish 
ize (distance 
h, a plot for 
tt species. 
:he scale, or, 
ras counted. 
lotal length" 
,earest half­
13.0 to 28.5 
ren to eight 
fish. 
Ilinimal size 
ve. this size 
~7 
some ring formation occurred at all calculated lengths except 6, 8 and 
14 ems. (c.\.) 86% of the total number of rings were laid down between 
17 and :n C;IllS. (c.l.). 
(iii) Comparisons of gonad state and number Of circuli .between 
last ring and edge of scaLe. The following table shows the number of 
fish showing no rings, and the number of fish showing rings, against 
sonad state. 
Gonad State Number of fish showing 
No rings' Rings 
Immature 15 5 
Immature / Starting 
Starting 
Ripening 
Ripe 
Running 
Spent 
Spent/Brooding 
Spent/Quiet 
Spent/Starting 
3 
2 
o 
o 
o 
o 
o 
o 
o 
:3 
16 
3 
1 
1 
22 
7 
11 
6 
Treating the above figures with a chi squared test on the hypotbesis 
that there Js no connection between maturity (Le. fish classed as 
"starting" or more developed) and ring formation gives a chi squared 
for one degree of freedom of 79.12. For this value P Is less than 0.01. 
Therefore ring formation in T. variabilis is connected with m(lturity. 
B. Tilapicr. esculenta. Three hundred and seventy-two fish ranging 
from 18.5 to 33.0 ems. (L\.) were examined. 
'(i) Number of circuli per centimetre of growth. Seven to eight 
circuli were laid down for each centimetre of growth of the fish. 
(ii) Lengths at which ring formation occurred. The minimal size 
for ring formation was 3.5 ems. (c.I.). Above. this length ring formation 
occured at all calculated lengths, with peak ring formation at 8 ems. 
(c.i.) and 27 ems. (c.I.). 52% of the total number of rings observed were 
lCiid down between 3 and 17 ems. (d.). 
(iii) Comparison Of gonad state and number Of circuli between l.ast 
ring and edge of scale. Below is a table similar to that given for 
T. variabiLis. 
Gonad State Number of fish with scales showing 
No rings Rings 
.. 
Immature 31 113 
Immature/ Starting 5 15 
Starting 5 21 
Ripening 7 27 
Ripe 1 16 
Running 3 10 
Just Spent 3 18 
Spent 12 41 
Spent/Brooding 1 9 
Spent/Quiet 2 22 
Spe!1t/Starting 2 8 
--- ----
38 
Treating this as for the T. variabilis data chi squared for one 
degree of freedom equals 1.8, P lying between 0.5 and 0.7; Le. there is 
no significant correlation between ring formation and gonad maturity. 
The following table shows the correlation between maturity and 
ring formation above 19.9 cms. (c.l.) which is the smallest length at 
which maturity occurs in Lake Victoria. (Observations at East African 
Fisheries Research Organisation's laboratory.) Thus rings formed below 
this length cannot be associated with maturity. 
Ring Formation above 19.9 cms. (c.l.) 
Tolal length Number of immature fish Number of mature fish 
which have which have 
not formed formed not formed formed 
a ring a ring a ring a ring 
--------_. 
20.0-20.9 12 0 1 0 
21.0-21.9 31 0 3 0 
22.0-22.9 34 4 26 II 
23.0-23.9 31 2 31 21 
24.0-24.9 14 1 24 32 
25.0-25.9 0 1 10 19 
26.0-26.9 5 8 
27.0-79.9 0 2No Fish 
28.0-28.9 0 5 
29.0-29.9 over 0 5 
30.0-30.9 25.9 Cms. 0 9 
31.0-31.9 was 0 3 32.0-32.9 0 2Immature33.0-33.9 0 
~. Discussion. 
A. The nature of the rings. The rings are formed in both species 
by irregular circuli. ThIs contrasts with rIng formation in fish from 
temperate regions,. e.g. cod, hake, trout, in which ring formation is 
caused by the circuli being closer together at certain times of the year 
than at others. 
B. Comparison of the lengths at which ring formation occurs in 
T. variabilis and. T. esculenta. A value has been worked out for each 
calculated rIng size as follows :­
c.l) 
x 100. 
This value takes into account the number of fish examined in each 
centimetre length group, but does not allow for the probability that the 
formation of a ring has an inhibitory effect on immedIate further ring 
formation. 
Results are gIven below :­
c.L ring formation ems. 
Species 6 7 8 9 10 II 12 13 14 15 16 1731_4 _51_
T.var. 0.01 1.0 1.0 0.0 2.0 0.0 3.1 2.0 4.1 3.1 2.1 0.0 2.2 2.2 4.4 
T.esc. 0.31 2.4 3.2 4.3 7.8 14.8 9.4 8.8 6.7 3.8 5.9 5.1 2.9 5.4 4.6 
-_.-
---------------- ----
--.----12"8-­IS 19 20 21 22 23 24 25 26 27 29 30 31 32 
T.var. 7.01 11.6 16.9127.9 29.3 4I.:1 38.6 40.9 44.5133.0 0.0 ­
T.esc. 4.8 5.6 8.6 11.3 10.9 21.3 37.0 47.8 50.0 ~5.4 45.0 57.9 50.0 50.0 0.0 

